Effects
In general, Alloy 706 for a gas turbine disk has been used at the temperature ranges lower than creep temperature range, therefore the two-step aging process has been applied.
Since a large forging such as a gas turbine disk has a heavy thicknessof more than XlOmm, the cooling rates from solution treatment temperature differ with locations, and they affects the mechanical properties. Table I . Alloy A was a small ingot weighting about 1OOOkg which was melted by a induction furnace and electroslag remelting(ESR). After melting, the ingot was forged and heat treated subsequently was subjected to tests for the TTT diagram. Alloy B was taken from rim portion of a large disk forging with 1900mm in diameter and 310mm in thickness4'.
The disk was made by a 10 ton ingot which was melted by a vacuum ladle refining and ESR process followed by forging operation using a 13000 ton capacity press. After forging, the rim material was removed from the disk to study the effect of cooling rate from solution treatment temperature. The simulated heat treatments shown in Table11 were emploied to the test blocks. Tensile andcharpy impact tests were carried out at room temperature. High temperaturetensile tests were performed at temperatures of up to 650°C. Creep rupture test at 650 "C under 690 MPa was conducted using combination(smooth and notched) specimens. Microstrucral study of the various specimens was conducted using opt ical, scanning electron and transmission electron microscopies.
Results and Discussion

Time-Temperature Transformation
Prior to study the effects of cooling rate on mechanical properties, the precipitation behavior of Alloy 706 was studied. The time-temperature-transition(T-T-T) behavior was studied by SEM/EDX, and optical microscopy and hardness for Alloy A. Test specimens were solution treated at 990 "C followed by rapid quenching and aged at various temperatures. Figure 1 shows T-T-T diagram and hardness of Alloy 706. Present T-T-T diagram is simi lar to previous reports3', 5). Laves, de I ta, eta, ganma pr ime, and ganma double prime were observed in this work.
Peak hardness was observed at around 700 "C. Coarsed delta and/or eta precipitates exsist over 800 "C and it leads to decrese in hardness.
Effect of cooling
rates on microstructure Figure  2 shows SEM photographs of as solution treated microstructure with different cooling rates from solutioning temperature of 990 "C for Alloy 706. It was found that the amount and size of precipitates at grain boundaries increase with decreasing cooling rate. The preciitation of eta and delta phases predominatly occured to grain boundaries on the way to cooling from solutioning temperature. These intergranular precipitates become larger as the cooling rate become slower, and these seem to be grown eta and delta phases. Figure 3 shows SEM photographs of the Alloy 706 which was cooled with various rates from solution temperature of 990°C and aged. In comparison with the microstructures shown in Figure 2 , the finer r' and r"phases which precipitated by aging were observed within grains. Creep Rupture Properties Figure 7 shows creep rupture properties at 650°C under 690 MPa on the different cooling rates from solution temperature.
Creep rupture time extended and rupture ductility decreased with increasing cooling rate. Notch detriodation are found in case of the cooling rate which exceeds 300 "C/h. The cooling rate which shows good balance of creep strength and creep ductility is 50-200 "C/h in average. As shown in Figure 3 , no grain boundary precipitation occur during cooling from solution treatment temperature at the cooling rate of 1050"C/h and conseguently, precipitation elements such as Nb and Ti are keeping in the matrix without precipitation.
Thus the coherent and fine precipitation into grains occured during aging.
The grains aretherefore strengthen more greater than the grain boundaries.
As a result, the grains are difficult to deform and results in brit tle fracture from triple pointof grain boundary. The globular eta and delta phases are present in the case of cooling rate of 240 "C/h. The size of precipitates was approximately less than 0.31_lm in diameter.
This precipitation behavior caused a rise of rupture ductiIity.The microstructure of the material with a cooling rate of 20"C/h, which provides the lowest creep rupture strength showed the film and cellular eta and delta phases at the grain boundaries and the coarse precipitates in grains are present. The precil oitates grew from globular type to cellular typeand became coarse with in c res ng cool ing rate.
The precipitation of coarse andstable eta and delta resu ted in a small amount of coherent r' and r"precipitates and the denuded zone was formed near the grain boudaries. ') Grain size of the present test 
